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An inveetigation ia bekg conducted to determt_ne the perform- 
ance of the l&stage axial-flow kcmpreesor from the X24C-2 turbojet 
engine. The performance of the oompreseor at.an inlet pressure of 
21 inches, of mercury abeolute and an inlet temperature of 538' R 
for percentages of equivalent deei@ speed from 30 to 100 has been 
determined. 

At the equivalent design speed of 12,000 rpm, the ccanpressor 
produced a maximum preseure ratio of 3.44 at an equivalent weight 
flow of 54.0 pound.8 per second and an adfabatic temperature-rise 
efffcfency of 0.803. Thle weight flow W&B within approximately 
1 percent of the design value of 54.6 pounde per second but the 
preeeure ratio wae 14 percent lower than the design pressure ratlo 
of 4. The peak adiabatic tewerature-rise efficiency at equiva- 
lent design speed wae 0.828 at a preeBure ratfo of 3.02 and an 
equivalent weight flow of 55.9 pounds per second. The cc0qreesor 
had a comparatfvely large surge-free operating range of weight 
flow for a given speed up to 89 percent of equivalent design speed.. 
The peak adiabatic temperature-rfee efficiency for a given speed 
general- occurred at values of pressure coefficient fairly close 
to 0.35. For thti compre88or, the efffcfency data at the various 
epeede could be correlated on two convergkg curve6 by the use of 
a @,y-bropio 108s factor derived herein. The performance of the 
X24C-2 axial-flow ccmpresaor at the higher values of equivalent 
speed in a ummarized in the following table: 
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At peak adiabatic temperature- 

. 

Percentage 
equivalent 
deeign 
flpeed 

100 -- 
89 

80 

72 
- 

[ 

i - 

riBe efficiency 

Adiabatic 
temperature- 
rise effi- 
ciency 

0.828 

0.846 

0.827 

0.812 

Treeeure Mean pree- 
ratio 8ure coef- 

ficient 

3.02 0.338 
- 

2.60 0.360 

2.19 I 0.354 

1.91 0.356 

At peak preB%ure ratio and 
peak pressure coefficient 

Corrected 
air-weight 
flow 

(lb/set) 

55.9 

48.4 

41.1 

33.7 

100 0.803 3.44 0.385 54.0 

89 0.823 2.79 0.391 46.6 

80 0.813 2.26 0.374 39.4 

72 0.744 1.97 0.375 30.4 
.- 

INTROIWCTION 

At the request of the Bureau of Aeronautica, Navy Depart- 
ment, an inveertigation is being conducted at the NhC!h Cleveland 
laboratory to determine the performance characteristicfi of the 
lo-&age axial-flow compressor of the X24C-2 turboJet engine. 
Thie oompreseor was designed to handle 54.6 pounds of air per 
eecond at a pressure ratio of 4 with sea-level inlet ccnditiom 
and a rotor Hpeed of 12,000 rpm. The oonstruction and eetup of 
this investigation are similar to those of the 19B and 19KB com- 
pressors (references 1 and 2). 

The performance of the compreesor at the maximum constant 
inlet pressure obtainable with the laboratory e&au& facilitiee 
is presented herein. Subsequent report% of this inveetigation 
will preeent the separate effects of inlet preeeure and inlet 
temperature on comproesor performance, the reeult arP surging 
studiee, and material obtained from cnmprehemive interetage 
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meerrurementi. For the pzlase of the inveetigation reported herein, 
~~18 with an inlet temperature of approximately 538O R were made at 
30, 40, 47, 55, 65, 72, 80, and 89 percent of delsign epeed at an 
inlet pressure of 21 inches of mercury absolute. At design speed, 
however, exceEB pressure drop through the compreseor-inlet piping 
limited the inlet .preesure to 19.5 inches of mercury absolute. At 
each speed runa were made over the entire range of surge-free air 

floxs. Ccmpreseor preseure ratio, weight flow, adiabatic 
temperature-rieo efficiency, preesure coefficient, and other per- 
formance characterietics ae well ae the reBults of inter&age 
static-prwsure meaaursanents are presented. 

COMPRESSOR 

The X24C-2 compreeeor wae designed-for an air-weight flow of 
54.6 pounds per second and a pressure ratio of 4 at 12,000 rp 
with eea-level inlet conditiona. The comprw6or coneists of a row 
of inlet-guide vanes, 10 ro$B of rotor blades, nine rotre of stator 
bladee, and two rowa of outlet-guide vanes. The pertinent blade 
data are given in table I. The compreseor h= a maxktum over-all 
diameter of 23: inches at the outlet and is 4% inches in length 
from the inlet eection to the.outlet eection. It is ccmpoeed of 
three component parts: the inlet section, the etator casing, and 
the rotor. 

Inlet eection. - The cast-aluminum inlet eection (fig. 1) of 
the X24C-2 compressor has an annul& air paaeage with en inner end 
outer diemeter of 73 and 21 inchee, respectively. Thelength& 
the inlet section, exclusive of the inlet-guide vanes, 18 I$ inches.' 
Four airfoil-shaped etrute support the frcnt bearing houeing. Pas- 
eagee within theee struts provide for the front bearing lubrication 
and the accessory drive. 

The inlet-guide vaneeere fully ehrouded and the inner shroud 
ie eecurely bolted to the rear of the inlet section. The inner 
and outer shroude are tapered to provide a converging air paage 
from the inlet to the outlet of the blades. The in3ner-spud 
diameter of the inlet-guide vanee increaees from 78 to % inches 
and the outer-shroud diameter decreaaee from 21 to 19 inches, the 
stator-cuing inner diameter. The inlet-guide vanea turn the air 
in the direction of rotor rotation. The 34 aluminum bladers have a 
uniform chord length from base to tip. A hemispherical hub in 
attached to the entrance of the inlet section to provide amoth 
air entry into the compreseor proper. 
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Stator casing - The etator casing (fig. 2.) is split into 
equal parts both a&ally and circumferentially. The c881ng has an 
inside diameter' of 19 inches and circunrferential groovee to support 
the nine stator and the two outlet-guide-vane diaphragms. The oas- 
In@; has an over-all flang%-to-flange l%ngth of 3?$ inches. 

The stator blades are etainleos steel and are welded to the 
stainless-steel inner and outer shrouds. These shroude are eemi- 
circular so each half can be easily mounted in the compreseor- 
caeing grooveB. Two retal- screws hold each half of.the dia- 
phragm in place. Sheet-metal stripe are welded to the innor shroud 
of each etator row of blades (fig. 2(b)} both at the inlet and the 
outlet to minimize bacWl.ow and to form air seals with maohined 
shoulders on the rotor. The two row of outlet-guide vanes are 
aluminum alloy and are-peened to the inner and outer ehrouds. From 
the outlet-g&de vanes to the oollector, the air paseage forms a 
diverging outlet area. In order to simplify the compressor-outlet 
instrumentation in this Investigation, the divergent area was 
straightened by installing a machined insert as recommended In 
reference 3. 

Rotor. - -_I__ The X240-2 compressor rotor (fig, 3) is composed of 
10 rotor disks that are slotted for blade mounting. The first 
nine disks are integral and are machined fram a solid aluminum- 
alloy forgtig; the tenth rotor disk, made of steel, 18 bolted to 
the preceding nine rows. Metal is removed between each disk to 
decrease weight and to permit the adaptation of the stator-blade 
inner shrouds and the metal seal strips, The rotor has a constant 
inner diameter of 9.500 inches for the first two &ages, after 
which the diameter gradually increases through the succeeding 
etagee to 14 inch%8 at the tenth row. This rotor has a constant 
diameter at the blade tips of 18.910 inches. Tne hub-tip ratios 
at the first and the last stages are 0.50 and 0.74, respectively. 

The rotor blades are steel and are attached to the rotor by 
a bulb-type base in the same manner as the blade8 of the 19B and 
19XR compressors (references 1 and 2). The blade8 decrease in 
height progressively fram the inlet to the outlet of th% ccm- 
pressor. A 0.045-inoh clearance was maintained between the rotor- 
blade tips and the compressor casing. All rotor-blade tips are 
grooved to a radial depth of 7/64 inch to minimize damage to the 
compressor in case the blade tips rubbed the casing. An axial 
clearance of approximately 0.125 inch between stator and rotor 
bladee w&8 maintained. 

l 
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sm Aii IN~TIOW 

The setup ueed for the investigation of the X246-2 axial-flow 
compreeeor i13 &own In figure 4. The ccmpressor was driven by a 
9000-horsepower v&able-frequencg ~ducticn motor rated at 
1793 rp, through a gear box with a step-up ratio of 8.974:1. The 
compressor and the collector were mounted on a pedeetal that sup- 
ported the unit at the inlet and the outlet sectlona. 

Air entered a measuring orifice and duct through a butterfly 
throttle valve, and continued into a depression tank 6 feet in 
dfemeter and approximately 10 feet in length. Three ecreene were 
fitted into the mideectionof the tank to remove any foreign par- 
ticles and to insure a emooth air-flow dietr1bution. A wood bell- 
mouth was fitted between the depresefon tank and the compreeeor- 
inlet section to inure Bmooth air entry Vito the comprea8or. The 
air leavfng the cmpreasor passed throu& the straight annular out- 
let pamage into the collector, Two 20-Inch radfal outlet pipes 
located diametr1callg opposite remwed the discharge air from the 
collector to a common 20--h pipe line connected into the labora- 
tory altitude-etiau8-t facflitiee. A Bcreen #BEI welded into the 
outlet paesage preceding the Collector to decrease the poeeible 
circumferential preesure variations. The ccmqresaor-outlet pres- 
8ure wae regulated bg a butterfly throttle valve located in the 
outlet pipe. IMet-ati piping, depression tank, ccmpreBBor, and 
part of the outlet piping were lagged to minimize heat transfer 
between the working flufd and the ambient air. 

The cmpreseor rotor and the drive-shaft assembly used in 
this investigation are ehown in ffgure 5. A splined coupling 
connected the gear box to the compressor, which W&B bolted to the 
compreseor rotor through 8 rigid coupling. The unit had a three- 
bearing suapensfon; the front bearing was 8 thrust ball bearing 
and the other two were roller bearinge. The front bearing was 
designed for 8 maxTmum thrust of 1500 pounds; to prevent operation 
above thie value, the bearing outer race wae held in a thrust- 
memuring device comparable to 8 metal bellow6 and mounted in the 
compressor-inlet eection. Twelve &rain gag86 were mounted in 
aeries on the parts of the thruet-memuring device subjected to 
strain. By previoue Calibration the axial movement of the 
rotating assembly and the strain on the front bearing could be 
determined. The str8in was detemed by meauring the resist- 
ance in millivolts acroB8 the strain-gage bridge on 8 potenti- 
ometer . A &e&balance ptiton (fig, 5) was bolted to the rear 
of the compressor drive shaft and the two facee of th8 pieton 
were sealed from other paste of the setup. High-pree8ure air 



wa8 admitted to the forwerd side of the piston to counteraot the 
thrust developed by the compressor and to r8duC8 the axial loading 
of the front bearing. 

The air-weight flow through the compressor ~88 measured by 8 
C8libr8t8d, submerged, adjust&b18 orifice located in a straight 8ec- 
tion of the inlet piping. Th8 pr88SU?T8 drop 8CrOSS the Orifice WSS 
d8t833nin8d by a water msnometer; the upstream pressure was measured 
by 8 mercury manometer. Two iron-constantan th8Y?UtoCOUpleS and two 
total-pressure tubes immediately upstream of the orifice were used 
to detenrnine the state of the air entering the orifice. The entirs 
compressor air-flow @ss.age wae 88al,ed and the air flow necessary 
for the air-borne oil-mist lUbric8tiOn system was metered in order 
to eliminate the air-leekage diffiCIiLti8s reported in reference 2. 

A total-pressure rake consisting of five total-pressure tubes 
w8s used in conjunction with four wall static-preesure tape in the 
comcm 20-inch Outlet pipe t0 Check the air-weight flow downstream 
of the compressor. The total-preseure tubes 8croas the pipe were 
located at the area Centers of equal annular areas. The VelOCity 
pressure of the air flow was measured with water manometers. The 
Outlet W8ight flow Was used soles SS 8 ch&k for the inlet Wei&h 
flow determined by the submerged orflice. Both air-measuring 
devices were previously calibrated against 8 standard orifice tank 
and sn orifice. BeC8UBe the m88S~ementB 8t the two 8tatiOnS 
agreed to within experimental error, only 8 negligible emount of 
air Leakage existed at the particular value of inlet pressur8 
investigated. 

I&et measurements were taken in the depresSiOn tank ahead of 
the ocmpressor-inlet section, as recommended in reference 3. Two 
the~ocOupl8 rakes were inserted in the tank 180' apart. Each 
rake consisted of three thermocouples located at t'he centers of 
equal annular ereas. BeCaUSe of the kWg8 croso-SectiozLal. area 
of the tank, the velocity of the air through the tank was neg- 
ligible and two static-pressure taps could be used to measure 
total pressure at the compressor inlet. 

Static pressures befOr and after the Inlet-s8ction struts 
and ef'ter the inlet-guide Vanes were meaSUr8d. In order to obtazin 
the pressure gradient through the compP8ssGr, the statio pr8ssIEQ 
between each row of blades was determined by preseure taps in the 
compressor casing before and after each row of stator blades. 
The88 fIlteI'St8ge p2?88SU3?8S W8r8 taken in aJIprOXimat8ly the sSm8 
lOn@;itUdiIl8l p1ZLn8, each tap being centrally loC8ted b8t'Ween tW0 . 
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6tatOr blades. Ei&t outlet static-pressure tubes and six th8rmo- 
COUp188 were located in the compressor-outlet Section, as reccxn- 
mended fn reference 3, to determine the compr8ssor-outlet 
conditions. 

Pressures were measured with water and with mercury manometers. 
All temperatures were taken with calibrated iron-con&a&an thermo- 
COUp18s. The difference in potentialbetW88n the hot jUnCtiOn and 
the ice bath was measured with 8 sensitive calibrated potentiometer 
in COnjUnCtiOn with 8 Spotlight galvTinom8ter. The Speed Of the 
rotor was measured with an electric chronometric tEtchOm8ter. 

%'he precision Of the m8SSUr8d and of the Calculated qUantiti88 
fs eStimat8d to be withIn the~following limits: 

T8mpratU+, % . . . . . . . . . . . . . t . . . . . . . . . ho.5 
Pressure, in.Hg . . . . . . l . . . . . . . . . . . . . . .f0.05 
Weight flow, percent . . . . . .I. . . . : . . . . . . . . l a.0 

Compressor speed, percent , . . . . . . . . . . . . . . . . . f0.5 
Pressure ratio, percent . . . . . . . , . . . . . . . . . . . ho.3 
EPficiency, percent , . . . . . . . . l . . . . . . . . . . . i0.5a 

aAccurscy for peak efficiency at design speed. At lower S-p8SdS 
where the temperature riS8 through the ccmpressor is lOIT8r, the 
percentage of accuracy slightly decreased. 

The investigation to determine the performance characteristics 
of the X24C-2 axial-flow compressor was made at ambient-8ir t&m- 
perature and the highest constant inlet-sir preseure available. 
The Inlet temp8rature varied from 528O to 543O R with an average 
value of 538O R. Wfth an inlet-ati pressure of 21 inches of mer- 
cury absolute, runs were made at 30, 40, 47, 55, 65, 72, 80, and 
89 percent of design speed (12,000 rpm). Odd increments of speed 
were n8cessitat8d by the critical speeds encountered at 50, 60, 
and SO percent of deaf@ speed. At design speed, eXoeS8ive pres- 
sure drop Tn the inlet piping laited the maximum inlet pressur8 
to 19.5 inches of m8rCUry abeolute. For each speed, the air-weight 
flow was varied from the maximum obtainable to the point just 
before incipient surging. Surge was detected audibly and by fluc- 
tuation in the manZI.I8t8rS. 

All data were correct8d to NACA standard sea-level conditions 
(29.92 in. Hg and 518.4' R). The compressor-outl8t total pressure 
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snd 811 comPressor-perfome paxzeters wer8 calculated in accord- 
ance with the reCoEWndatio;le cxf the NACA SubWXEmftt8e on Compres- 
sors (reference 3). 

Th8 fOllOWI@ spbOh3 are used in th8 CalCUlatiOnS~ 

"P 
C 

V 

D 

g 

H 

J 

Mz 
m 

n 

p1 

P2 

IPpz/Pll 
l/n 

P 

PX 

R 

Tl 

T2 

sp8cific heat at constant pressure, (Btu/(lb)(OF)) 

specific heat at constant volume, (Btu/(lb)(OF')) 

inside disrEk8r of compreesor casing, (ft) 

standard acceleration of gravity, 32.174 (ft/sec2) 

enthalpy corr8sponding to Bt8gnatiOn conditions, 
(Btu/lb) 

m8ChaniC81 equivalent of heat, 778.6 (ft-lb/(lb)(Btu)) 

outlet Mach number 

poly-tropic exponent 

number of Stages 

8bSOlUt8 inlet total pre8sur8, (lb/sq ft) 

absolute outlet tot81 pressur8, (lb/sq ft) 

root-EaIl-pr898?Xe ratio p8r Stag8 

absolute 9tatic pr8esur8, (lb/sq ft) 

absolute Btatio pr8ssur8 at Ve&.OUS point8 along 
C~pr8SSOr CEU3i~, (lb/Bq f t ) 

gas constant, 53.345 (ft-lb)/(lb)(OR) for dry air at 

59' R 

abSOlUt8 inlet total temperatUY8j. (OR) 

8bSOlute Outlet tot81 t8mper&tUr8, (si) 
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rotor speed at tip for fir& stage, (ft/sec) 

rotor speed at h=b for first stage, (ft/eec) 

rotor speed at tip for 1-t stage, (ft/eec) 

rotor speed at hub for la& stage, (ft/se&) 

weight flow, (lb/set) 

wefght flow corrected to EACA standard eea-level 
condItiona, (lb/eec) 

apecIfic eqxfvalent flow rate corrected to NACA 
standard eea-level conditione, (lb/(sec)(sq ft)) 

ratio of epecific heate, c ,/c Pv 
increment of etate function for polytropic process 

from inlet total pressure and temperat,gre to out- 
let total pressure and temperature 

ratio of Inlet-air total preasurq to NACA standard 
sea-level preesure .+ . . . . 

polgtropic efficiency, (Es&y*) 

increment of state function for ieentropic process 
from inlet total pressure and temperature to out- 
let total pressure 

adiabatic temperature-rise efficiency 

ratio of inlet-air total temperature to NACA etandard 
eea-level temperature 

!T! 
polytropic loss factor, z (1 - s,> 

mean preesure coefficient per stage 

work-inptzt factor based on adiabatic temperature-rfse 
efffciencg 

polytropic preseure coefficient per etage 
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The following equations w8re used to determine compressor 
parameters: 

vm = L&H 
En 2 

ii 2g + 2g \ 
m,l urn 22 

’ ) 

where 

urn,1 = J( 2 

u m,2 = 

The mean polytropic pressure coefficient per stage is computed 
in the ssme manner with the exception that the increment af at&-be 
function for the polytropic process from,$p$ettotal pressure and 
temperature to outlet total pressure h is substituted for the 
corresponding value of the isentropic process A. 

The polytro~ic exponent m was determined by substituting 
aotual valuee of pressure and temperature in the equation 

The polytropic energy addition to the gag is given by 

A H = $RiT2 - T1) 

and the actual energy additicn is givqn by 

. 

The polytropic efficiency is then 
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RESULTS AK0 DISCUSSION 

11 

General performance. - Inthe following discussion, all 
resulte sre corrected to etandard sea-level inlet conditions of 
pressure and temperature corresponding to 29.92 inches of mercury 
absolute and 518,4O R, respectively. The varfation of over-all 
pressure ratio across the compress md root-mesn- 
pressure ratio per stage (P2/P1} 1-z P2/Pl withweightflow W&/E 
and specific equivalent weight flow Wfl//sI? is shown in 
figure 6 for eeversl speeds. Figure 6(a) presents the ccxupressor 
performance over the entire range of speeds investigated. 
FigUD38 6(b) end 6(c) show the l-s& high-speed runs, respec- 
tively, on an enlarged scale in order that accurate values of 
mass flow and pressure ratio can be determined. Adiabatic 
temperature-rise efficiency contours and the surge line are also 
shown. Performance characterfstics at peak pressure ratfo, 
adiabatic efficfency, and pressure coefficient at the higher 
compressor speeds are given in the following table: 

At peak adiabatic temperature- 
rise efficiency 

Percentage Adiabatic Pretssure Mean pres- Corrected 
equivalent temperature- ratio are coef- air-weight 
design rise effi- ficient flow 
speed CWQCY (lb/set) 

100 0.828 3.02 0.338 55.9 

89 0.846 2.60 0,360 46.4 

80 0.827 I 2.19 I 0.354 I 41.1 

72 

100 

0.812 1.91 0.356 I 33.7 
At peak pressure ratio and 

peak pressure coefficient 

0.803 3.44 0.385 54.0 

89 0.823 2.79 t 0.391 46.6 

80 I 0.813 I 2-26 I 0.374 39.4 

72 I 0.744 I 1.97 I 0.375 I 30.4 

. 
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The peak pressure ratio for a given compressor speed increaed 
as the speed was increased. At the design speed, the meximum pres- 
sure ratio of 3.44 was obtained with an adiabatic temperature-rise 
efffciency of 0.803, an equivalent weight flow of 54.0 pounds per 
second, and a value of W&/XI2 of 21.5 pounda per second per 
square foot (figs. 6(c) and 7). The weight flow obtained was 
approximately 1 percent lower.than the design weight flow of 
54.6 pounds per second; this disagreement was within experimental 
error. The maximum -pressure ratfo obtained, however, was approxl- 
mately 14 percent lower than the design pressure ratio of 4. The 
peak adiabatic.temperature.-rise efficiency at the design speed was 
0.828 and was obtained at a pressure ratio of 3.02 and a corre- 
sponding flow of 55.9 pounds per second (figs. 7 and 8). 

The theoretical maximum air flow calculated by assuming sonio 
velocity at the minI.mum area ahead of the first row of rotor blade8 
is 62.8 pounds per second (fig. G),whioh indicates that at the 
maxImum flow .of 56 pounds per second a choking condition at the 
inlet-guide vanes was being approached. The value of W&/& 
of 21.6 at the maximum pressure ratio shows that this compressor 
has a very high flow capacity compared with other cwrent com- 
pressors. The flow at maximum preseure ratio corresponds to about 
56 percent of the value for sonlo conditions ahead of the compres- 
sor where the full frontal area based on the rotor-tip diameter is 
used for the flow calculations. 

The range of'surge-free weight flow obtainable at a given 
speed increased with speed from 30 to 65 percent of design speed 
and decreased slightly with epeed through 80 percent of design 
speed. The range at all these speeds was large, however, at a 
relatively constant pressure ratio. At 89 and 100 percent of the 
design speed, there was an abrupt decrease in the range of surge- 
free weight flow. 

The pressure-ratio curves were limited at the lowest flow by 
surge for all speeds, The screen placed in the-outlet of the com- 
dresaor to insure uniform outlet conditiona c&Qked at slightly 
lower weight flows than did the compressor, thereby limiting the 
hi&-flow range of the preesure-ratio curves, The compressor was 
near a choking condition, however, because the curve6 were 
approaching a constat air-weight flow, particularly at the higher 
speeds. Consequently, the range of operation that is of interest 
was covered, The surge line is straight over the entire range of 
speeds investigated with the exception of the design speed, where 
the slope of the surge line increases. The straight part of the 
surge line passes through the point of zero mass flow and a pres- 
sure ratio of 1.0 and has a slope of approximately 0.039. 

c 
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Miabatic temperat~e-rFse.efficiency. - The variation of 
adiabatic temperature-rice efficiency tith weight flow for all 
speed8 investigated i8 she-Wn in figure 7. The peek efficiency 
increased from 0.720 to 0.846 a~ the speed wa8 increased from 30 to 
89 percent of design epeed; the peak efficiency at &sign speed 
dropped sli&tly to 0.828. The maximum adiabatic temperature-rice 
efficiency of 0.846 wa8 obtained at a_preesure ratio--of 2.60 and a 
weight flow crf 48.4 potmd~ per 8eCond. At a given speed, the 
efficiency increaeed to a peak vaiue and then decreed as the 
wei@t flow wa8 increased at speed8 up to and including 80 percent 
of design sneed. At 89 and 100 percent of deeign.speed, the 
adiabatic temperature-rise efficiency was high and almo8t oonstant * 
over the complete aurge-free air-flow range,'tiich 8hOW8 that the 
compreseor had &ti -quite reached a choking condition. In general, 
the efficfent &ge-free operating range of tLe X24C-2 campraseor 
for a given speed was comparatively large, especially at the lower 
speeds. 

!l?he variation of adiabatic temperature-rise efficiency with 
over-all pressure ratio for the epeed8 investigated is shown fn 
figure 8. At each.epeed, the end of the cur-& with the higher 
pre88ure ratio ia lTmTlxd by eurging. At 30 to 80 percent of 
design speed, the efficiency for a given speed increased with 
pressure ratio to the peak value and decreased a8 the eqtivalent 
Weight flow wa8 further decreased (fig. 6(a)). The &fiCienCy 
continued to decrease tith a f-her increase in preeeure ratio 
until the peak preseure ratio was reached; at this point, both 
efficiency and pressure ratio decr?aeed stmultaneoualy. At 89 and 
100 percent of design speed, an &trexaely large operating range of 
preeeure ratio could be obtained with an almost %onatant high 
value of adiabatic temperature-rice efficiency. 

Preseure coefficient. - The variation of the mean pressure 
coefficient per etage with equ$v+nt weight flow for the cam- 
presrsor speed8 investigated I3 ehm in figure 9. Pressure 
coefficient is the ratio of the adiabatdc energy addition to the 
g&3 to a constant time8 the square of the tangential velocity of 
Borne mean blade section in the compreseor. It may be interpreted 
aa a measure of the work done on the ga8 in an ideal proce88: 
brought to a nondimeneional basic by divida by the square of a 
mean tangential velacity. At epeed8 frqm 30 to 8Q percent of 
deeign speed, the pressure coefficient for a given speed fncreased 
to a maximum and then decreased a8 the weight flow wa8 increaEled. 
At 89 and 100 percent of design speed, however, the pressure 
coeffic-lent continually decreased as the weight flow wan increased. 
The lowest flow point of all the curve8 wa8 limited by surge. The 
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peak preesure cgefficiknt decre-wed. from Q,43.to Q,37--@ going frm 
30 to 80 percent of design speed; at 89 and 1OQ percent of design 
epeed, the peak pressure coefficient increased to approximately 
0.39 for both speeds. The gradual decrease followed by the euddm 

increase in the peak pressure GOeffiCient with inqrea8ing epeed 18 
probably due to the differences in matching of the individual 
etages. The peak value8 of pressure coefficient. for a given epeed 
naturally occurred at the 8eme value8 of weight flow as did the 
Teak pressure ratio {fig. S), boca~e.tSl_e_two.~~cti~. are 
directly related. The peak value8 of pres8ure ratio at each epeed 
investigated occurred at value8 of preslsure coefficient in the 
proximity of 0.40. 

At each Bpeed, the peak adiabatic temperature-ri8e efficiency 
occurred at values of the presrsure coefficient fairly close to 
0.35, a8 ehown in figure 10, which ie a Or088 plot of figures 7 
and 9. The pressure coefficient also appears to govern the mag- 
nitude of the efficiency when the loading of the compreesor blades 
18 small; that is, in the hi@-flow region8 at the low epeeds (on 
the left side of figure), the data of figure 10 can be represented 
by a single curve. Apparently, the efficiency in the high-flow 
region for the low speed8 i8 largely dependent on the ideal work 
done by the blades rather than the matching of the stage8. 

Work-input factor. - The variation of work-input factor 
based on adiabatic temperature-rise efficiency qrn/qT with 
equivalent weight flow for the various speeds is shown in 
figure 11. Work-input factor 18 the ratio of the actual energy 
addition to the gas to a'constant times the equare of the tan- 
gential velocity of some mean blade eection in the compreseor and 
may be regarded as a measure of the actual work done on the gas 
brought to a nondimensional ba8i.e by dividing by the equate of a 
mean tangential velocity. At each EIpeed, the work-input factor 
decreased a8 the weight flow was increased. The peak work-input 
factor for a given eneed decreased from 1.50 to 0.46 in going 
from 30 to 100 percent of deeign speed. Inasmuch as the contour0 
of adiabatic temperature-rice efficiency and preesure coeffioient 
when plotted againrst weight flow are similar (figs. 7 and 9), the 
general slope of the work-input factor curve8 at various speed8 
indicates that the efficiency decreased more rapidly than pressure 
coeffiCierit in the low-flow range8 of operation. The peak pres- 
sure ratio for a given epeed, occurred at values of the work-input 
factor from approximately 0.65 to 0.48 in going from 30 to 100 per- 
cent of design epeed (figs. 6 and 11). 

In the case of work-input factor, much better correlation of 
the data for different speed8 was obtained by the u8e of polytropic 
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efficiency rather than adiabatic efficiency (fig. 12). Polytropic 
efficiency may be considered an indication of mean stage efficiency. 

The work-input factor detednee the point at which the peak 
polytropic efficiency of thie compressor occUr8. As ehown in 
figure 12, the peak polytropic efficiency for all speeds occurred 
at a -,ork-input factor of approximately 0.45. When the compreesor 
blades are lightly loaded (high flows and low epeede, ehown on 
left side of figure), or when the blade8 approach 8talling (low 
flow8 and low speed8, shown CIL~ right eide of figure), a eingle 
curve may be U8ed to represent the data. The actUalworkdone on 
the gas by the ccmpreesor t&Us 8eems to be an fmportsnt factor in 
determining the mean-etage efficiency. 

Lo88 factor. - TP the poly-tropic pressure GOeffiCient 18 
considered a measure of the useful work done on the gas during 
the compression procees and the work-input factor is remed as 
a meaeure of the actual work, then the loeees would be gfven by 

hp = actual work - useful work 

Y 
= -2 - lyp = ?l-qp) = ~(1~q,) 

qP 

where 

Yp = q&E 
n um,12 
Z ( 

U,,22 
2g + 2g ) 

The poly-tropio 1088 factor determine8 to a large extent the 
polytropic efficfency regardless of apeed, a8 ahown in figWe 15. 
All the data correlate reasonably well on two c~rve8 that oon- 
verge as the maximum efficiency i8 approached. For thi8 ccm- 
preasor, the maximum efficiency occur8 at the point of minimum 
1088 88. Al80, at the point of titim efficiency, the two con- 
verging curve8 appear to be twentto a line passing through 
a poly-tropic efficiency of 1.00 when the polytropic lo86 factor 
is 0. The points for low flow8 at low speed8 fall on the curve 
on the right side of the figure and those for high flow8 at low 
speeds fall on the curve on the left aide of the figure. At the 
higher apeed (89 and 100 percent of design speed), the potits 
actually occurred at very near the maximum efficiency, becau8e 
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the compressor had an almost constant high efficiency over the com- 
plete range obtajned at them speeds. Although the data correlatxd 
reasonably well on the two previously mentioned curves, the effi- 
ciencies at the lower speeds actually never reached. the maximum 
value. Comsqmntly, at the lower speeds the curve6 actually 
obtained in the region of high efficiency are similar to that shown 
for 30 percent of design spaed. 

Outlet Mach number. - The variation @-outlet Mach number with 
weight flow for the speeds investigated is presented in figure 14. 
The outlet Maoh number was ccmrputed by the method given in refer- 
ence 3, which is based on the axial component of the outlet-air 
velocity, Because a machined insert was located in the diffuser 
passage. to give a constant-area outlet section and the outlet 
guide vanes of the x24C-2 compressor were designed to remove all 
whirl velocity, the values given are representative of the Mach 
numbers immediately behind the last row of outlet guide vanes in 
the actual engine installation. The Mach number at the diffuser 
outlet in the actual engine would, of course, be much smaller 
because of the larger outlet area. 

For a given speed, the outlet Mach number fncreasod as the 
weight flow was increased. TheMach number is almost constant 
at 0.28, the highest flow points for speeds .from 65 to 100 percent 
of design speed. The approaoh to vertical of the slopes of the 
curves at the high-flow ends is an indication that the campressor 
was very near a choking condition &en the mass flow was limited 
by the screen in the outlet section, as previously mentioned. The 
outlet Mach number was 0.23 at the pint of maximum pressure ratio 
(3.44) obtained at the design speed. (See figs. 6 and 14.) 

Interstage static pressures. - The axial distribution of 
static pressure measured along the compressor casing is shown in 
figure '15 for peak efficiencies for the speeds investisted. The 
*~T-IU Y~/P~ represents the ratio of the static pressure at dzf- 

ferent points along the compressor casing to the inlet total pres- 
sure. In general, there was a uniform rise In static pressure 
from the first rotor through the rest of the compressor. From 
30 to 65 percent of design s-peed, the tenth rotor row appears to 
be acting like a turbine; that is, an actual pressure drop existed 
across the tenth row of rotor blades at the compressor casing. At 
the higher speeds, however, this rotor had a normal rise in static 
pressure. The pressure drop across the inlet-guide vanes became 
quite high as the speed wss increased; at desip speed, the pres- 
sure ratio across the inlet-guide vanes was 0.59, which is near 
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the critical pressure ratio. This low pressure ratio supports the 
fact that the maximum weight flow theoretically possible'to pass 
through the inlet-guide vanes is 62.8 pounds per second (fig. 6). 

An Investigation of the perfoWnce of the X24C-2 lo-stage 
axial-flow ccxnpressor at an inlet pressure of 21 inches of mercury 
absolute and an inlet temperature of 538O R produoed the follarfng 
reeults: 

1. The performance characteristics obtained at the hi&ter 
values of equivalent speed were as follows: 

Percentage 
equivalent 
design 
speed 

100 

89 

80 

72 

:At peak adiabatic temperature- 
rise efficiency 

. 
Adfabatic Pressure Mean pres- 
temperature- ratio mre coef- 
rise effi- ficient 
CienOg 

0.828 3.02 0.338 

0.846 2.60 0.360 

0.827 2.19 0.354 -I_ 
0.812 1.91 0.356 

At peak pressure ratio and 
peak pressure doefficient 

Corrected 
air-weight 
flow 

(lb/set) 

55.9 

48.4 

41.1 

33.7 

100 0.803 3.44 0.385 54.0 - 
89 0.823 2.79 0.391 46.6 

80 0,8l3 2.26 0.374 39.4 

72 0.744 1.97 0.375 30.4 

2. At equivalent design speed, the compressor had amaximum 
pressure ratio of 3.44 at'an equivalent weight flow of 54.0 pounds 
per second and an adiabatfc temperature-rise efficiency of 0.803. 
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This weight flow checked the design value, 54.6 pounds per second, 
within approximately 1 percent, but the pressure ratio obtained was 
14 percent lower than the design pressure ratio of 4. The peak 
adiabatic temperature-rise efficiency at the design equivalent 
speed was 0.828 obtained at a pressure ratio of 3.02, and an equiva- 
lent weight flow of 55.9 pounds per second. 

3. The compressor had a uomparatively large surge-free oper- 
ating range of weight flow for a @ven speed at speeds up to 89 per- 
cent of design speed; at 89 and 100 percent of design speed, this 
range decreased appreciably. 

4. The peak adiabatic temperature-rise efficiency for a given 
speed generally occurred at values of the pressure coefficient 
fairly close to 0.35. 

5. At peak adiabatic temperature-rise efficiency for a given 
speed, there was generally a uniform rise in static pressure along 
the compreseor casing from the fi.rst rotor row through the rest of 
the compressor. The tenth rotor row, however, appeared to be act- 
ing as a turbine.at some of the lower speeds. 

6. For this compressor, the efficiency data at the various 
speeds could be correlated on two converging curves by the use of 
a polytropic loss factor derived herein. 
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TABLE 1 - DES1 GN DATA FOR X24c 

.971 1.214 
1.267 I.481 

.971 I.214 

-.--e-e._. --_-_---__ 

iInlet-guide vanes- 
Rotor. 

?tator. 

MT I ORAL Aov ISORT 
COMMITTEE FOR AERONAtFT KS 

First row of outlet-guide vanes. 

:Secona row of outlet-guide vanes. 
Distance to section from point of intersection of nean axial line ana blade base. 
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NACA RM NO. E7Gl 1 - Fig. I 

Figure I, - Front view of inlet section of X24C-2 axial-flow compressor. 
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(al Inside of top half. 
Figure 2. - Stator casing for X24C-2’axial-flow compressor. 
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lb) Front of top half. 
Figure 2. - Concluded. Stator casing for X24C-2 axial-f low compressor. 
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Figure 3. - Rotor for ~24C-2 axiaf-f tow comprbssor. 
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[a) All speed3 investigated. 

Figure 6, - Variation of over-al I pressure ratio and root mean pressure 
ratio per stage with equivalent weight flow and specific weight flow. 
NO d i f fuse r; inlet total pressure for al I speeds except equivalent 
design speed, 1485 pounds per square foot 121.0 in. Hg abs.); inlet 
total pressure for equivalent design speed, 13% pounds per square 
foot ( lg. 5 in. Hg abs. 1; in let total temperature, 538’ R. 
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(b) tar percentages of equivalent design speed. 
Figure 6. - Continued. Variation of over-al I pressure ratio and root mean pressure ratio per stage 

with equivalent weight flow and specific weight flow- No di Pfuser; Inlet total pressure for all 
speeds except equivalent design speed, 1485 pounds per square foot (21.0 in. Hg abs.1; inlet total 
pressure for equivalent ‘design speed, 1379 pounds per square foot ( 19.5 in. Hg abs. I; inlet total 
temperature, 5%’ R. 
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Figure 6. - Concluded- Variation of over-all pressure ratio and root- 
mean-pressure ratio per stage with equivalent weight flow and spe- 
cific weight flow. Ho diffuser; inlet total pressure for all speeds 
except equi val ent design speed, 1485 pounds per square foot I 21 .O in. 
Hg abs. j; inlet total pressure for equivalent design speed, 1379 
pounds per square foot ( lg.5 in. Hg abs. I; inlet total temperature, 
538O R. 
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Figure 8. - Variation of adiabatic temperature-rise efficiency with over-all pressure ratio. No dif- T, 
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Figure 9. - Varlation of mean pressure coefficient with equivalent weight flow. No diffuser; 
inlet total pressure for all speeds except equivalent design speed, 1485 pounds per squarefoot 
(21.0 in. Hg abs. I; Inlet total pressure for equivalent design speed, 1379 pounds per square foot 
I lg.5 in. Hg abs. 1; inlet total temperature, 536” R. 
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Figure i0. - Variation of adiabatic temperature-rise efficiency with 
mean pressure coefficient. No diffuser; inlet totat pressure for al I 
speeds except equivaient design speed, 1485 pounds per square foot 
(21.0 in. HQ abs. 1; inlet total pressure for equivalent design speed, 
1379 pounds per square foot ( 19.5 in. Hg abs. I; inlet total tempera- 

ture, 538’ R. (cross plot of figs. 7 and 9.1 
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Figure II. - Variation of work-input factor based on adiabatic temperature-rise7 efficiency with equiv- 
alent weight flow. NO diffuser; inlet total pressure for al I speeds except equivalent design speed, 
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Figure 12. - Variation of polytropic efficiency with ,work-input factor. 

No d i ffuser; inlet total pressure for all speeds except equivalent 
des i gn speed, 1485 pounds per squat-e foot (21 .o in; Hg absd; inlet 
total pressure for equivalent design speed, 1379 pounds per square 
foot ( 19.5 in.Hg abs.); inlet total temperature, 538O R. 
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Figure 13. - Variation Of polytropic efficiency with polytropic IDSS factor. No diffuser; inlet total 
pressure for al I speeds except equivalent design speed, 1485 pounds per square foot 121.0 in. 
Hg abs. I; inlet total pressure for equivalent design speed, 1379 pounds per square foot 119.5 in 
Hg abs.1; inlet total temperature, 538O R. 
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14. - Variation of outlet Mach number with equivalent weight flow. NO diffuser; Inlet total Figure 
pressure for all speeds except equivalent -design speed, 1485 pounds per square foot 121.0 in. 

-Hg’abs.J; inlet total pressure for equivalent design speed, 13% pounds per square foot 119.5 in. 
Hg abs. ); inlet total temperature, 538’ R. 
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Figure t5. - Variation of static pressure along compressor casing for 

peak efficiency \onditions. No diffuser; inlet total pressure for all 

speeas except equ ival ent design speed, t 485 pounds per square foot 
I 21.0 in. Hg abs.1; inlet total pressure for equivalent design speed, 
1379 pouhds per square foot ( 19.5 in. Hg abs, t; intet total tempera- 
ture, 538’ R; compressor entrance, C.E.; inlet-guide vanes, l.G,V.; 

rotor b I ades, R; stator blades, S; between two rows of outlet-guide 

vanes, 0. G, V.,; out I et passage, 0. P; inlet, i; outtet,o. 
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